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METHOD AND APPARATUS
FOR GENERATING A VOLATILIZED LIQUID

BACKGROIND OF THE INVENTION

lcid of the Iovention

s The investion refates geaenily to 8 fiexible platfiorm that geoerates
mmmmmmmmwmmm
development of spplications fur volatilized liquids.

Rescription of Refated Art
U.S. Pazent No. 5,743,251, which iy P berein by refe
10 discloses xp azroso} genermny that inclodes a tube having & first open cod. The
eroso] prnerator fasthey incindes 8 beatey for heating the tibe to a temperstare
safficient to voluilize material in 8 tiquid form in the tbe such that the volaslized
material expands oa1 of the apen end of the arbe and mizes with ambiess aiy o
formn an serosol.
15 An eevosol grom 21 exconding o U.S. Paient No. 5,743,251 b
schematically shown with refereoce o FIG. 1. The acrosol generaar 21 bchodes
8 tube 23 having m open €0 25, A bexter 27 is positioned adjacent to ot teast 8
poTtion of the tobe 23, bat preferably o a way that provides & hexted zone aronnd
the wbe that maximizes beat transfey eventy trocghout (e bested zone. The
20 bexter 77 is commectzd to 8 power supply 29, preferably 8 DC power supply, soch
n;ahmy.
tn opention, & material (not shown) in Equid form s introduced o the tube
23. Thebeatzr 27 beats tie portion of the tbe 23 to a sufficicnt temperatre '
volutitive the Gqoid comeria). In the case of an ergazic Hiquid mxirria), e bextey
25 preferably bea the liquid outexial jos o the boiling point of e Bqnid axterial,
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and preferably ins the surface of the tbe 23 below 400 *C, a3

mos ongenic materials rre not steble when they are exposed to temperatures above
that temperamye for periods of time, The volatilized material expands out of the
open end 25 of the ibe 23. The volarilized material mives with zmbdent ale

S outside of the tude and condexses to form partices, thereby forming an aerosol.

The tube 23 is a capilhry mbe or & portion tereof baving an inxide
dianeter 0f betwees 0.05 and 0.53 millimeter and the ioxide dizmeter of the twbe
a0 be spproximately 0.1 millimetey, The tube 23 can be » partien of a fased
silica cpiltary cotzm, sn elumirnm silicam ceramic tbe, o7 other sobstantially

10 noneactive macrials cxpable of withstanding Fepeated beating cyetes sad
grucraied pressures sad baving sitable heat candoction propertics. I_Md:edw
oecessary, s inside wall of the tnhe 23 may be provided with a costing for
reducing the tendency of material to stick to tie wall of the tobe, which may resol
in clogging.

15 The tuhe 23 may be ciased s 8 second eod 31 and puterial in liquid fam
tmay de bntrodured iz the tbe 23 trough e open end 25 when it b desired o
form an aeyosol. Thus, when the liquid murrial is beated by the heater 27, the
volatilized material is aaly able to expand by exiting the tabe 23 through the open
end 25. However, the second end 31 of (e whe Is comectad & somree 33

20 (shownby doued lines in FIG. 1) of liguid materia), Tde liquid material in the
portion of the tube 23 votatilized by the beates 27 s prevemed from expanding in
the direction of the seoond end 31 of O tde, snd is forced out of Ge apen end 25
of the tobe, a3 » resakt of beck pressore of liqnid from the soorce 33 of tiqnid
matertal, The back pressure of the Eqnid is berween abouz 20 © 30 psi.

25 It is corcemptated Gixt & vaicty of vaes cm be developed for the seroso)
grozrany descrided above. In ander to investigate such uses, & oould be drsiradte
to bave an instremen cxpabis of generating vapers and sersols t be evatuated,
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SUMMARY OF THE INVENTION
Toe iavesion providcs  progrzmmsbls asraroes for volilzing liuid
material, Gy facilitating igatiomal wse of the vapoerized Liquid for various

spplicatioms.

A matesia) in liquid form iy supplied to » Gow passage and the Gquid
mazterial i beated (o 8 cemperamure sufficiens to volatithz the material coch that the
‘material expands oul of te flow passage, which results in 8 vapor of &
volatilizad materal, the voltiiized material, then if desired, condensing upon
ixing with air to fem &0 aerosol. A programmable controller i used to control
Mhuyollkpidmiﬂmmﬂn'mmlamdhﬁudlhm

, amrangement for volatilizing the liquid,

An embodiment & directed towards an instrament and method for
mmmm-hwww-mmmd
conducting elecurichty. The tbe bas & first open end and & power supply for
supplying powes 10 & bextzr comprises & section of the metal tbe sach that the
tnde bheats to a tempersture sufficient to volstithzs the tiquid matezial io the flow
passage. The volatilized materha) expands ot of the open end of G flow pasmigs
and then may mix with ambient air to form o acrosol.

Aoother embodiment iy directed towards an instrument and method for
geoenating a voletilied Liquid comprising & flow passage having a first opea end
m.mmmmwmm-mumm»mm
matertal in liquid form sueh th the volatilived materhal expands ont of the open
end of the Bow passage. The volatilized material rmay then mix with ambient air to

form an serosol. A is operable the termp of the flow
passage and regulitz tho Sow of material. The controller is preferably capadle of
i, Oy emered ap iated with operating
parumetas of the fastrement. | addition, the controller i3 coafigored to be
progrenzoed for differen p iated with the of the eerosel
WO WWI1568 PCL/US02/299%4

-

the heater and o comyed operation of the first valve such that the volatilized
rortertal or aerosol () Dows rough ¢ first flow path when the heatrz b in s
pon-canfbrming contiticn end (i) fows trough the seoond flow path when the
beater is in & confirming condition.

BRIEF DESCRIPTION OF THE DRAWINGS
The feamres xnd of the are well by
reafing the ring detailed deseription i conjunetion with the drawings in

which:

FIG. 1 b s sshematic view of an acroso] generaror eccording to the prior
o .

FIG. 2 shows an embodiment of an insrumem wherein & section of a metal
tmbe s vsed as a bexer,

FIO. 3 shows 32 of sn wherein s
operstes & finid crpply and hexter arrangement.
FG. 4 on an of o whegein gmbtiple beating
Zomes hex the Diguid. ’
RG. S is » plot of temp versay resk of a rext bextey.

FIG. 6 is a plot of resistance of 8 resistance hexting clemem versos tine,
the plourd potnrs tndicaring when the besting etement b supplied power and wico
the keating elemen i not supplied powes.

FIG. 7 showy anothey exh o b wheretn 3
aperstes » finid sopply and hexter errmgement,

HO. 8 flnsrtes e exemplary thming dizgram for operstion of Ge
ixstrumen ghoun B AG. 7.
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snd/ar precursor vapar, such tha the
testing.

A furthey embodiment is directed to & instrument and method for
generating & volatilized Liqnid fneding 3 flow passage with a first open end and &
plunlity of beaters foz beating the flow passage t 8 temperemre sufficient to
volxtilize material in liquid form in the Gow passage such thy the volaiilized
materhl) expands out of the open end and may mix with ambient air to form &
acrosol.

A method for generating an aeroso] of vapor comprises stzpa of setting &
target p such =3 resl of a brater such as a rest:
heatrr, corresponding o # temperstare sfficient to volatilize o Liquid matertal
within a fiow passage heated by the beater; supplying a Liquid material to the flow
passage; periodically dning the of the beater; the
jparametrs t the target parameter; and energizing the heater when the paremeter by
Tess thun the target [ Inother the method comyrises
seting a series or range of target parameters (i.c., muMtiple or variabls tayget
parameters), such as 8 scrics ar range of resistance valnes of & hestrr,

Another embodiment is directed to an fmstrument for generation of
volatilized material, which comprises a1 leant one flow pasaage having an open
cad; a liquid supply operable to supply liquid mueria) to the fow passage: ot keast
ane heater adzpted to beat the fiow passage to a temperature sufficient to volatilize
materia) fo liquid form in the flow passage soch that the volatilized material
- expands out of the open end of the flow passage, the volatilized matrrial
optionally being admixed with air to form a0 2erosol; & frst Sow path in finid
comnaication with the open end of the flow passage; a second flow path in finid
communication with the open end of the flow passage, the second flow path being
different from the first flow path; & first vaive in fuid commmmication with the
open end of the flow passage; aod 8 controfler operebis to monitor a condition of

€an be used for devetoprorntal
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P

measuremen cxpabilities during groeration of vaporized liguid, which may be
condented in smbiens gir 1o form £ erosel. The instroment cxn be nsed for

F 2 bhexter which is used to volatilize Bquid material. The
instrument parmits (he precise spplication of eacrgy to the heater arrangement
adex vayions control schemey to thereby generste solid and liquid acrosols. The
serosols can be prodoced fram s single flow pasage of a mhiple flow pasage
arangemen.,

Acrosoly e oacfd ina wide variety of applicatioas, For example, it is
often drxirabie to treat respirstary aitments with, ar deliver drugs by means of,
sexosol sprays of finety divided particies of liquid and/or solid, ¢.g., powder,
medicaments, etc., which are inkated into s patient’s lungs. Aerosols gre also
used for purposes such &3 providing desired sces (o roams, pplying scents oo
e skin, and defivering paiot end lubyicant. Acrosols have a1s0 beeg considered
foy foed delivery systems for bigh performance engines and trbines wbere e
speed. Acrosol ion in areas of comb initially resuh bn e forrmtion
of acrosals, txa may aftey ignition resnh in only prodecing vapor, doe to the

rrienced st

Aerosots and the precarr vapor may abo have spplications b areating
oo particies gnd other powders. The volrdlization of Hignid metds brings te
possibility of producing micro ball dearings, foam metal ad metad phring o a.
precise nd cost effective ey, The oses of acrosots and the frecursor vapor
abo have ppt ke geacf icn, where di of i
Ithricant exn be taeilitated with the tarrodurtion of s concentration of particies of
Initricazt.
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Developmen of such spplications exo be tiguted using & versatile
platform capable of producing en scroscl p vepar with s varicty of mser

cantrol elements, functions end recording Systems ot preseatly
availadle. The tnstrament cxn be used for such iovestigational purpeses or sed
for cammereia) prodoction of product frmed &3 a resaht of, or in conjunction
with, acvosal or volatilization of one or more materials,

The tocorp ap ic vapar g L]
above, of e L can tnoarp variows cb h
hardware and seftware designed to ackicve desived objectives. Fer instance, the
instyomen can be nsed to control snd measare the cnergy spplied o georrate the
vapar an time scalcs 0F ae tundred millisecgods of lesy. The instrament can be
mmmﬂmmm:mdmﬂmﬂum
using a variety of diffrrent vapor generatoy desigrs. Some of the contral
stratzgics inclods: constim and varisbie power profiles, coustant and varisblo
encrgy profiles, constant and varisbie beater resistnce (temperstre) profiles,
profiles, fnid valving coatrol to the vapor generatar, bot fiuid heas transfes
zome heaters, multipls heaters, and the 1ixs, Purther control strategics can include
vaziable, stepped beater feskstance prefiles, such as by varying the resistance

parzmeter over thne using one or mare g d ad/or
Other comtrol stategics dat can be wsed intinde coostant and varizhie dnty cycle
guofiles, It is contemplated that the instrumen cas be used for characterization of
acrosols for the delivery of medication to the tungs, charscterization of acrosols
for aboratory experiments, characterization of aerosols for inhalation stdiey,
charecterimtion of aerosehs for the applicatics of pesticides, characterization of
vapars used in combrstion appi; d e e, the in

20 be used for commertial production of products if so desired.

WO 012563 PCT/USO2/239%4

5

conprite various hypodermic oeedls gmges. A 32 gange needle has an intexnal
dixmetey of 0.11 o (0.004 inch) and & 26 gange needle has & imternal dinmster
of 0.25 mm (0.01 inch). Thus, if s highes flow rate of liquid is desired, a lager
sizm) Bow passage cxn be ased to velnifize the iguid.  Althoogh s statnlesy steed
tube can be wsed &3 a combination beater/flow passage, other arangrments ¢ be
used for the flow pasaage/heater arrangement. Far instance, & cexamic hyer can
e etched to provide a grove, which defines the fiow passage and the coramic
Ixyer cxn be overtaid with aonther ceramic tayer, which incosparxtes a beater,
sarh &y a plattrom heater, arranged to beat liquid in the groove.  Like the maintess
strdd tobe, the rexistance heater can be beated by passing DC aurent therettrough.
The instroment czn be programmed to achicve varixos controf schemes,
For instance, & sesistance contro) scheme can be used to minimize ovarheating and
under beating of the hemer to part ap cxn be used to
$£04 power (o the beatry outf) & targes resistonce valoe by reached. Under a power
coatrol scheme, 8 certxin smoemt of power s supplied t the beatey srrangrmens
204 the power is monttored and adjusied © wainnin the beater srTangemen 2 8
drsired tempenantre. b & voltage cantrol scheme, 3 certsin voluge (2.8, 4 volts)
" c2a be comimonsly sopplied to e bexter arrangemens £ § prOgrRm (e.8.,
lgarithm) is tsad o moxitor end waishin e volnge £ § g valve. Asm
enmple, the controlier can be programmed o comrol detivery of 8 polse of power
(e.g., &ty cycie of 25% to 100% using a fixad prdse and pulse width of § © 10
nsee) to the hextey, messure the vohage drop scross the bexter, calenine e
temperature dependent resistance of (e beater and cootral the an/oft spply of
enargy to the beater aryangrmen to maluin & trpet restcanee value of e bewser
nag g teontmecf e duty cycie s 24
ilfisecondy md te off tome is varied between 2 ad 16 milliseconds.

10
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The liquid can be delivered to the heater arrangement by vazioos
techniqoes. For instance, 8 syringe pump can be used to defiver liquid to the
beater srrangement fn which case the liqnid can be deliversd at 3 constm e for
o predeurmined time, However, if desized, the syringe prmpenbe tsed ©
deliver liquid to the beater aTangemen at a varhble mte. A programmed
controller can execmte the instructions for operating Qe syringe pump o dediver &
desired amount of Eiquid to the hexter erangement.  Aoother possibility is the use
of & liquid pump, which witkdraws liqmid from & contxines end deivers the tiquid
8 8 constam rte to the hexter srrangement. However, if desired, the liquid pomp
can deliver the liquid a1 & varioble rute to the heater armngement, Whh soch an
aTapgement, the pump would cogtineously circulate the liquid and a valve would
e used to divert the liquid to the heater srrangemens a3 tostrocted by the
controfley, A firther possibility is e use of s pressurized finid armngement
wherein a valve is used to deliver the pressurized liquid to the hester arrangement

23 instrocted by (e coutroller,
The beatey can be desi s wnit, Ror
instance, the can de desigoed t benter

arrangementy wherein the size of the fiow passage can be varied with respect o
length and/or witth trereof. Likewise, the beates used to volstilize Liquid in the
flow pasage can takz various forms such ay o single beater or mubtiple beater
artangement.

Prefrrably, the Gow passage i3 » capillary xized flow paszage with
transverse dimensions of 0.01 to 10 mm, prefersbly 0.05 to 1 mm, and more
preferebly sbout 0.1t 0.3 mm.  Alternarively, the capillary passage e be
defined by trxnsverse cross sectional srea of the passage, whichcanbe 8x 104
80 om?, preferably 22 107 © 8 x 10 mm? and more preferably 82 10° 0 2 x
104 mm?. As an cxample, the hexter srrangement can comprise 8 stainless stee]
tmbe having clectrical leads attached thereto for passage of DC currem Grrough the

WO 02012568

-10-

The b cxabe in with various detectors for
analyzing the volatilized finid. For instance, a filter can be used to collect aevosal
and the coflected acrosol can be weighed or subanitted to gas or liquid

fur farther tton. In arder to & particle sizing and
distribution, & collection device €an be tocated close to the jet of atmired liquid
memmwnmﬁumbnﬂmmﬂmm
acrosol and direst the eerosed to the eollection device, Anocther possibllity is to
nse a devire which passes tight through the acrosol to measure how thick the
serosol s and thmy measure concentratien of the particles in the acrosel. The
instroment can be used to stody (e effects of vaporizing varions Bydrocarbon
furts guch a3 jet foel, gasoline, dicsel, kerusere of the ke, Another possibility i»
o use the far sdying pesticids epplication, c.g., the heater
rrangement G be wsed €0 produce 8 fine fog or coarse gpray for frmigating
plants. The tastrument c2n be used for wxicology stdies whercin laboratory
animals such as raty can be used to observe the effects of fnbaled material,

The conrroller can be programmed to plot or swore valoes of intrrest daring
operation of the kester arrangemens. For tovamce, & manory ean be osed to store
time and oher parameters, which vary over time, soch a3 resistance of the bexter,
total encrgy semt to the beetey, power, volage and/or current. The menory exn
abyo be used to store éaty cycle and/or thme to reach geady sxe. Porther, such
parzmeters cxn be plotted €0 8 sereen or printed out doring operation of the bexer
aTagement or xt & bizr tme,

The kostrement can be designed to produce a piorality of vaporized Hiquids.
Far instance, s condult 67 mImifold cxn be mrmged  receive the aerosaized
outpat of pultiple heates KTARgEMENS. For exxmple, two o more beater
mmhnmwﬂ;huunh!lmhdnmm.mh
partages of e hexter srTITgements can be aricored t defiver the vaportred Onid
in & direction perpendicniar © (e axis of te tode, or e diroctinm of the
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eporized tiquid can be RoD-perp to the tobe axis. The ambtiple beater
mmangements can be speced gpart axially along the tength of the mbe, or spaced
apart circumferentially around the outer diametzy of the tubx.

The controller can be operated by a user interface, which aflows selection
of varioos progrummsble varisbirs to be input into memory for operation of Ge

™ c2n be progs <0 tilize wn atgoritian which
perto tased oo the ing varhbles. Acy suitable algs
can be wed (o achirve the destred control scheme, e.8., algorithims provided with
in) diagostic exip from Agitent Technologies, Inc., Palo

Alto, Califoroia. See, for exampin, U.S. Patents Nos. 6,269,267; 6,173,207;
6,246,613 and 6,205,362. An “cvent® veriable switches the program between
wniting to ron (¢event = 0) and running the beater (svent = 1). Ap event
*trigger® varizbls activates a counter for sensing a trigger signa). A “pulse®
variable correspands to the output statz for sending power t the hester (pulse =
1). In a preferred embodiment, a *palse count” variabie activates s connter for an
8 millisecand bester cycle. An “cvent coum® varizbls corresponds to te
cummiative time in milliseconds during 8 ron. A “resist trget® varisble

ds to the mrges resk for the beater during opersticn. An "caergy®
variable is the anpmiative encrgy semt o the hester, A “resisance® variable is the
measared resistae of the beater.  An “encrgy COEF” variabde carresponds to the
calibration coefficiency for encrgy. A “resist COEP® variabls s the calibrasion
coefficient fiz resistance.  An “srmed® variable indicates which kind of trigger
. will be used o stast the run. A “thoe® variable is the length of tiroe for 2 run
defined as the tine the hexter is powered and expressed in milliseonnds. A *vd -
coum® varizhie actnates 8 counter for timing the vatve or ensygy delay. A “valve
delxy” variable can be used o open the valvo after the heatzy is activaied, the
valve delzy being the time by in milliscoonds between applying power to the
heater x0d cpening the valve. A *hexter delay® varishie can be wszd t open the

WO a3012563 PCT/USO22I%4
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Thic meeher 221 ts preferstly heated by resistance beating. Tbo energy
transferred to the member 221 from the voltage soarce 229 is governed by Okm's
Law.

V_(w)-l(muﬂ-kcuim) [$)]
Fowgre V-1 = VIR @)

Ip a0 exxmpie, for 2 0.00) to 0.020 inch internal dismeter/D.018 w 0.030
ioch outxide dixmeter cnbe of 304 stainiess sied with &n sverge internat resistance
of about 3.12 akms (for this exampls asseming the resisance remmains constam for
all tempenanares) and the voliage souree supplying 2.3 voits DC, the itz of
encrgy tamfer to the flow pastage 223 &s 23 followa;

Powes= (25 V)'/ (3.12 ohm) = 19.5 joules/sec ()]

Tims, the beat generated in the tobe i3 & fometion of V (voinge drop across e
flow pEsage) wd the average resistnce R of G tobe.

A volailized liquid gener jsre with the foregoing exmmple has
becn found 1 operate stocessiully in groerating 3 vapor from liquid propylene
glycod, srhen operatad eontinmasly © spproxinzerly 2.3 Vebrs and 0.8 Axmps.
‘The powex sopplied by the volige sooree operating at i3 leved s close o e
rainiml power requirements for volnilizing propylene glycol o 2 rszeof 1.3
milligrams per second 1t mmospheric mressure, ilustrating ¢t the volxilized
tiqnid generatne 220 oy be oparaied efficieody.

The votxilized tiqoid geoerst 220 7y be opereed ierrminemly, e.5..
O Gemand, 13 discussed frtier below, contiznoasly, or scording o a
predetermined profile. When i Is desired © generate an intermittem votxtiled

‘WO 0301153 PCTIUSQ/LIPN
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valve before (e beater is activated, the beatey delry being (o time by in
milliscoonds between opening the valve and applying power to the heater.

FI0. 2 thows an embodimens of volxtilized liqnid generatur 220. The
volatilized liquid generamy incindes o member 221 defining a Gow passage or
chamel 223 capabie of conducting a finid ar vapor to s first open end 225 and a
power supply 229 fur applying & valmge to (e member 221 such tht a correxs in
the member beats the channe] to 8 trmpersture sufficient to volatilize s liquid
material in the Sow passage 223, such (it the valsrilized material expands out of
e open end 225 of the flow passage 273 and, if desired, mixes with the xbiens
adr t0 form e aevosol. Liqnid can be sapplicd from 8 source of material by &
pap 235 o7 otber suitable meckanism,

The flow passago 223 in this embodiment iy preferably 304 stxintesy steed,
Howrever, azy dlectrically condnetive materia) capabla of being resistively hexted,
remajning the neeessary stroctural btrgrity & the operating temperstire
expesienced by the Sow passage 223, and sufficiently non-reactive with the Hqnid
mazrrial, could be nsed. Such materiaty include, but are ot limited to coppez,
ajumirom, metsl composites, o7 other metals and alloys. The fow passage 223
bas e open end 225 that allows the hexted material to escape and an end 231 that
allows the liquid material to be supplicd.

The power supply for applyizg o voltage in this embodiznent inchndes a
valtage source 229 and two texminaly 2272 and 2275, The voluge source 229 can
be a direet current battery. However, the ose of elternating current could atso be
effective. The terminats 2273 aod 227h are preferably in contact with at least a
partion of the perimeter of the member 221, The contact teominals 227a and 27b
wre prefrably made of & material with » Jow resistance compared to the member
221 wd bave a cocffictent of thermal expansioa that avoids separation fram the
member 225.

WO 0012565 PCTIUSO2/2Y9%3
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liguid, the material in liquid form ey be supplisd intermittently to the heating
202e 226 located between terminals 2272, 2275 each time that it §s desired
generete (e precursor Yapor of acrosol.  Additi ni i P

tho heater could be turned off to prevent liquid in the fow passage from
volatilizing, Preferably, the materis) In liquid form flows from the soxree 233 of
material to e besting zone 225, via s pemp 233, presyarized soaree ar other
sultsble supply mrsngement.

One or more valves mxy be provided in s flow Hoe detwoen the source 233
of material and the heating zone 226 to interrapt flow of liquid. Preforehly, the
material fo biquid form s pumped by & pump 235 in metered aounts {c. 8.,
predetermined volume, mass, flow nate, etc.) to the heating zone 226. The
remaining gaterial in the fiow Line between the source 233 of material and e
heating zone 225 provides a barries t preven axpansion of the volutilized
mateyin) in the direction of the opstream ead 231 of the flow passags 223. The
pamp cxn be operated by ¢ stepping motor o ackicve precise metrring of the
liguid moterial. Howeves, other arrangerneos ean be used to dediver liquid to e
Bow passage 223, c.g., 8 syringe pump, which botds & quenity of biquid and
delivers gresise quantitics of liquid or delivers liquid at 8 constan: fioer mtes 3
single shot defivery mechanisn, which delivers a precise volume of figeid; &

" ired Gquid 3 which delivers liquid to a solenoid
valve, which controls defivery af the fiqnid to Oc flow (assage 223, etc.
FIG. 3 ustrares 2 E of 300 for

vaporiticn of liquid material. The instramen ioctudes s flow prxage 323 with
s downtream first open ead 325, bratey 310 for bexting the flow pasxage 323t 8
tempaanmre mfficient o volatitize Gquid material o the fiow passage 323, goch
m the volailired matoria) apant om of G apen end 125 of the Gow (rsage
o, if destred, mixes with ambtens sir to form o acrosol.
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Thie instroment 300 inciodes & controller 350 foy operaring the heater 310
and delivery of liguid from Lignid soaree 333 to the Qow paisage via operation of
8 vaive 142 and paorp 335. The controdler 350 also directs the starage of
P ‘with g1 the wolatitized liquidt in & memory 351. The
comroller 350 atso cpeyares a swhching arrengemest o gwitch 340 far applying
power to the heater 310. The memory 351 i provided for ing
such as Hquid mxterha) flow rae and energy transfer, &5 well a3 saring operational
? The maimaining xodler ding of associatod p with
tespect to operstion of the volatilized Hiquid generator may be desired when

ting expert @ ring quality of the precursor vaper and the
serosn). Also gysoctated with the comtraller 350 is 8 disptay 352 to assist & user in
vismally ting the gt while in op &od als0 for o
user serings and the contents of the memory 351.

‘Toe beater 310 can be activated by application of s voltage scqoss an
electrically conducting portion thereof or ather suftable arrangement. For
instanee, 9 beating element cxn be compised of a coil of wite or a lxyer of
ocomductive materis! along e flow passage 323. The use of & heat exchanger ar
exposure to combmstzd gasey could also be used to beat the flow passage. Lasers,
and clectromagnetic waves, as well as chemizal and mechanical of
vaporizing liqnid in the passage, are atwo possible. The resistance heating
" arrangemens bests the lignld mwatcrial imide the fow passage, in the particalar

I by ting ica) coTgy toto beat energy &3 a remilt of the
electrical resisxace of the tobe or heating clement and the voltage and indoced
current supplicd ecross it The voltage is applicd by a power soarce 329 acruss
the terrainats of the heating etement 3278 and 327D, The application of vottage o
the heater 310 is regutated, by the controfler 350, through mamal inpurs ar an
operaing progrm, trough a swich 340, In this exobodimen, the swich 340 1s

WO Q012845 PCT/USOL299%4
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mmwum&mwmmmmmmwu
during soch daration, e real thme rest of the heater, using doput
from the meanuring device 341. In e preferred embodimenz, the of
e heater §3 cateniued by measzring the volage across a simot resisror (oot
shown) t series with the bester 310 (to theyedy determine corren fowing to the
Rexter) and measuring the voltage drop acsoss (e bezter (to thereby determine
fesistue based ou the meanured voltge and current flowing through the st
esistnr). To obtain contimuons mezsurement, @ small emount of curent can be
coutionally passed throxigh the ghoms resistor and heater for purpases of making
the resistxore cakatation, sod poises of kigher corrent can be ased o effect
beating of the bexzer to tho desired temperatare.

{f Gesired, the hexter resistance can be deyived from » measremen of
carren passing throogh the beter, oz other texhniques can be ased to obtain the
same information. The controfler 350 then makes decisions &3 o whethes or Dot
o send a sdditiom) durstion of comgy based on G diffrace between the
desired reststance targes for the benter 310 and the actml resisance a3 determined
by the controller 350,

In a developmennal model, the duration of power suppliod to e bester was
set 2 | millisecxmd, | the monitared resistance of e bester 310 mitns
adjostment valve i dess g the resistance targes, (he controfley 350 i
Wmmmmamwmmmmhm
closed (*on") position. The sdjustment value ke into account factors such a3
beat loss of the hexrs when oot setivated, the error of the measing device and 8
cyclic period of te emtrolier and switching device, amocg other possihilities, In
effect, becamte e reststance of (e beatzy varics as a foction of i emperyrere,
resisee comrol cim be 03ed to achicve Eperatzye comtrol.

The equation for Ge texpearanmr coefficia of resistivity for type 304
staintess seed fy:

10
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field effect trantistor which allows rapid switching through cycles tess thun 10
milliseconds, preferably less than 1 millisecond,

The contraller 350 receives inpat relating to O temperzimre of the fiow
passage 323, through 8 measuring device 341 and inpet relating ¢ the Bow retz of
the tiquid materia) it ths flow passage 323 from a measuring deviee 342.
Vexturi channels, positive displacanent pumps and other exquipment capable of
such meastrementy cin be tstd ay the meastiring device 342, The tempersture of
the liquid in the fiow passage 323 is calephated based on the mezsured or
cajeutxird resistance of the beating element. in a prefred embodimen, the
Deater 310 is a portion of a meta) tsbe, or (e bextry cam be & strip or cofl of
resistance besting material. The fler 350 reguixtes the temmp of the
flow passage 323 by monitoring the resistance of e beater. .

Resistance control can be based on 2 simple principle that the resistance
the heater 310 & a8 its tep L As power s spplied, via
switch 340, to ths beating element 310, bty tempesatare increases becanse of
resistive heating and the actual rexistance of the beatey also incresses. When the
power ia tarned off, the temperatore of the heater 310 decreases xod

ingly ts rest: Thms, by monitoring & p of the
beater (e.g., voitage across the heatrr nsing known cxyrent to calcultz resistanoe)
and controlting application of power, the 150 can maintain the beater
310 &8 2 temp that p o 2 specified resi turget. The use of
one oy more resistive elementy coutd also be used t montror temperature of the
beated liquid in cases where & resistance beater is oot ased to heat the Liquid b the
flow passage.

The resistance targes iy selected to correspond (o 8 texnpersiure that iy
sufficient to indnce & heat taasfer to the liquid nuaterial such tat liquid by
vatatilized and expands out the first open end 325 of the flow passage 323. The
caotrofter 350 effects closing of the switch 340, which activates the heating

WO 02012563 PCTIUSOL2I9%4
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p (okm-cm) = 4.474x10% +1.0x10°T - 3.091x10"T% (]

where T is the trxpersture tn degrees Kelvin, A plot of the sverage temperatare
of a beater comprising & 28 gange, 44-am long capillary twbe with a cold
resistance (room temperature, 24°C) of 0.659 o a3 2 function of it resistancs
{5 thown 1o FIG. S. The values shown in FIG. § represent the svergs
tecpersmre of the bexter, i.¢., the actuz] tamperature along (e length of the
hemer can vary dne to factors such as heat Ioszes from Ghe efectrical beads and the
vaporization of the Buid, and the temperature of the beatry proximate the end 331
anxt the open end 325 of the flow passage 323 will tud 0 be lower tu o e
niddle of the heater.

The controfier 350 cao be p 4 to ine the res of e
bexer 310 by processing data represenmative of the woltage drop across a shomt
teststor and voltage Grop across the heater, The power being set to the beater, the
cammlstive eoergy et and the real time resistance of the beater are cateutaed by

the tolowing equations:

Energy = (toput 1 - bpmt 2- 0,100 - Eergy Coef) + Energy ()]
Resisunce o (lapot Y{top 2 - 100)) - Resist Coef. ©®

These eqraions are based oo Obm's Law. kupea 1 i 8 ehtifonetion exasoremen
00 comrol apit that mexsnres the velttage drop acroas the beaer, axd kopot 2 b
mmmmmmuwmmmmm. The
shrrs resistoy can have a resisance of 0.010 obm.  Thm, energy in jocles b

Encrgy o Power 1 Tt = Vi, . [y}



10

20

WO IS FCTAISNI954

-1

where V., b the volmge drop across the beater (npea 1), 148 the czrrent throngh
the system, and t is tho duration time (e.g., | miBiscoond) of power applied o the
beatey. The carrent through the system cxn be calcolated from the volage drop
ecross the shor pesistor and its known resisiance & follows:

loVoRen ®

Bosrgy =lnpatt ) 0.001(s¢<) = lnpot 1 - Ingat2-0.100. ®

where Vo, 13 the voltage drop scross the shum resistor (Input 1) and R 4, i3 the
sesistance vatoe of the shu resistor (0.010 okm).

The energy por durstion value e be d for i ! variati
with » catibration factar, ECF. The duration encxgy is added to the previcus
energy value stored in the wemory 351 80 Gat the instrement kreeps track of the
cummlstive cnergy sent to the hexter 310, Likrowise thr the resistance vaine of the
bester:

Restsce = e | _ Vo | tmpant
1 [v__n_ Tnput2- 100 o

‘The resistance valoe is then corrected by a calibration factor, RCF.

Contro! of reststance by the controller 350 offers scveral advantages for
controlling the beatrr, First, when the hearer 310 iy initially started, the controller
350 cxn seod encrgy comtimously to the beater 310 until it reaches its operaring
resistance targa or a lower valne to prevent tnitial overbeating the hearry after
which (he heater can be bested gradmlly to the desired temp This
JRovides the faxest coart up of e hester. Second, ths conmrotler cxa

WO W0124S PCTAIS02239%4
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resisten hezting, However, ms discussed enficr, the heating s oot limited to this
method.

Power bs supplisd to each of the hesters throngh terminals 427 and 4270
for beszey 410 and terminaly 4278° and 4270 for hexter 410°. The application of
poswer to the heatens b coxtrolled by controller 450 with an associated memory
451 and e displxy 452. The comtroller 450 controls the spplication of power
throagh & switeking circalt 440 oz other suitadle prangement for power control.
The swinching circait fs capable of epplying powes indrpendently o cach of the
beaters. The power bs supplicd by voltage souree 429, The controfler controls the

applicxtics of power to e hexters iy csing information fram t
devioes 441 and 441° a3 well ps input from the valve 442, The controlley is

cxpabic of beirg progr to fanctinn o in resp toanwey
fmersction.

Mrasuring devices 441 and 441° in this particniar embodimen mexsare the
curyens tiroagh a st resictor and are combrined with voltage drop across the
e beatens © ine the rest of the hemery, which Bcilionry
control by e 450 1 & previooaly. As di sbove, e
temperemre across the flow passage 423 cxn vary fram e eod 431 where liguid
material b supplied to the open end 425 where the mterial exin as & vapor. As
soch, the ote of 8 pherlity of separats heaters to control the tanperane of de
Bow parsagr end éhe liqrid therein b advanigoons becanse of differens beay
transfey characteristics acrosy postions of & fiow paxsage. To farther reguiae
heat transfer of the flow passage to e Liquid, additiona) beaters can be added md
cxmtrofizd oy desired.

Simftarty to FIG. 3, bem transfer ©o @e liquid material from G bexrers
@n actmlly be accomgplished asing a singte bexter with &ifferem bexting rones.
Far exxple, 3 single beater baving differem gones oo pply more et
drsired locxrion slvag the Bow patsage, £.8., cure kel 1 ane end of (e Bow
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sciomatically edjust the energy being sexs to the hester to match the requirernents
for maixuining the resistxoce target without regard to the delivery s of the
liquid material, a2 leas to the wpper limit of the power souree 329, As long as te
t arget and ponding is e2t within the materia) Himits of
the heatrr 310, the heater cannot be overheated due to a failure in the fivid supply
system. An example of & heating cycle is depicted in FIG. 6, which itkustrates the
tming cycle for the cantrot algorithm, the resi ot in this
cxarmple being 0.785 obms. This also protects agatost over beating doe to the
power supply voltage being 2t too bhigh. 1o addition, this system was found
respond mmeh faster than an aetoy) temperature control system based o3
thermocouple measuraments.

I the measured resistance of the heates minns the predetermrined
adjustment value is greater than the trget resistance at e end of s pulse daration,
the controftzr 350 turns the switch 340 off, Gereby withholding ecergy from the
heater 310. After another predetzymined doration, the controfler turns the switch
340 on and repexts the process.  For example, the seoond p d xti
can be sct &t § msec {c.g., 2 milliscoonds an and 6 milliseconds off or 4
miltiseconds o and 4 millisecands off, etc.) from the previous occasion whea e
switch 340 was turned on.

FI0. 4 shows details of aa additionat embodiment of an instrument for
gencrating & volxdlized liguid in which a pluratity of separats heaters 2ro used o
matertal i volarlized and expands oat the open end of de chaxeel. As in the
peevioas embodiments, a Sow passage 423 with  first open cnd 425 ks a liquid
oazeriad applind to it through 1o end 431, & valve 442 controls the itroduction of
e liquid, which is supplied trom a source of liquid materia) 433 by a pump 433,
In this pasticulay embodiment, two separste hexters 410 and 410° zre used to beat
the flow pastage and the liquid. The heating can be accomplished through

WO 03012565 PCT/IS02/299%4
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passage 423 and lessey bext in the middle ay desired, Although dymmic control of
(he diffrent beating zones woxdd de more difficah, s mare desirable beat profile
coutd be obtained vaing anly the single bexter. Mnhiple zone heating could be
achieved with & beater baving oultipls colls with & bigh resistance vale piaced an
e end of the flow passage, whereas in the middls the resismnce value of the
heating element could be reduced and therefore reduce heat transfer t that
section. In addidon, » gro-heater could be used to hest the material prict to entry
to the flow passage to & tempersiere just below the point a1 which the Hiquid
material would volatilize.

i of the i <xn be designed w deliver & drsired,
tpecific quantity of vaparized Liquidy by controllad ompat of the beater
srangement.  For exangle, the heatey mrang cm be ©

ftaid fiow paths, sach a3 cooduits or twbing. The acrosolized cuput oy de
condneeed through differem paths by manipaixtion of vaives, Valve control
permity the acresolized extput t be directed to different exiss, for 8 fredetermined
time tmexval. For exampte, the vapor/eerosol can be directed rroagh a first Bow
path when the hexree i3 in & non-conforming conditicn (2.8, noo-sieady state

diticm), and a valve can diyect the ) through 8 secand
fow path when the hexter s in » conforming condition (e.g., steady stme
- Embodt of the & can be tsed (or clinicat sodies in

‘which a constane, repextable dose b desired to be adminisered to tuomun
volnoreers.

FIG. 7 ircrazes 2o ook R0 far
vaporization of biquid warerial, snd selective detivery of acrosol.  The iosoomen
700 incindes a mentber 705 defining a flow parage or ctanmed 723 cagabte of
condncxing & (Bidd 67 vapor [0 8 firs: open end 723, 1) a powey soxree 729 fir
applying a volizge o the manher K0S mch O a v in Ge memdey hexty the
fow patzage o a temperamre Sufficien  votxtlie & Bquid maorhl iy te Qoo
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passags 723, the voltilized outerial expands out of the open end 725 of the Gow
passage 70 aod, if desired, mixes with the ambrdena a3t to form oo aerosol.
Liquid can be supplizd from 8 source 733 of liquid materiat by a pump 735 or
other suitsble mechanfem.

The flow pasaage 723 in tis dh is prefe

any electrically
retaining the secessory stroctuzal futegrity ot the operating terperarrs
expericaced by the flow prisage 723, and sufficienily poo-reactive with the Bquid
could be nsed. Stch materiats inciude, but are not limited to, copper, atmminum,
metal camposites, of other metals or alloys. The flow passage 723 has an ontiet
723 that aflows the heated mareria] to escape and an inlct 731 that allows the
tiquid material to be supplied.

The instrament 700 also inclodes valves 742 and 743. Valves 742 and 743
are actoxted by the controller 750. The vaive 742 is in fintd conummication with
the beater via a flow passage 7602 and directy vaporized marerial o7 serosol from
the heater 710 to tho valve 742. Aeroso) can be formed, Hf desired, by mixing
vaporized material generated by the Reater 710 with ais present in and/or supplied
o the Bow passage 760a. For exampis, an optional adr inlet 762 mary be arranged
to introduce air into the flow passage 760a, or air may be entrained around the
beater 710 and drawn into the flow passage 760a. The valve 742 is in fiuid
conpyunication with an exhanst vacuum pump 744 via a flow passage 760, and is
in finid commmniextion with valve 743 via 1 flow passige 760c. Valve 743 s in
fivid commumication with » flow passage 7604, The pump 744 knclodes a fiber,
preferably a high efficiency partiontate atr (HEPA) filter, to remove materhal from

304 statniess steed.

the serosol or vapor before the zir fs tothe P Flow patsage
7602, 7600, 760c¢ xnd 7604 are preferably made of medical grade respirstory
tuhing. Vaive 743 is in fiuid jeation with a 770, trrovgh

which & user o inhale acrosal. Bowever, the mouthpicee 770 cxn be amitted or

-25-

¢.3., pexrty constant ¢t the resistznce target. In the steady state condition, the
etosol that is geoerared i thms optima) far homen nhaistion.  The conforming

tion tmay ively be, for e, & selected range of the
flow patsage 723. Ouce » desired condition of the heatzy 710 fs achirved, sevosa)
camn be defivered to e mouthpiece 770 via a second flow path.

The instroment 700 can operate soch it the valves 742 and 743 remain in
their pondefanh positions for & sdected pexiod of time, during which acrosad is
delivered to the moathpiece. The selected period of time is not Kmited end can
be, for example, 2/3 second, | seoond or 2 second.  Once the selected period bas
expired, andey control of (e comtroller 750, the valves 742 and 743 aze moved to
their defimht positions, aud ecraso] delivery t the flow passage 760c end
mouthpiece 770 is werminard.

The fstrumen 700 can also operue such ¢hat vapar generation s
terminated nless 8 wer inhates on (e mouthpiece 770 witkis 8 predetermined
period of thne after the oxer bas been instrusted to intale. For example, the
in may focinde a dispixyed message oy light, whith informs G user tat
(e iDstrome— §s resdy to deliver a dose of d scrosol. A ively, e
pressare sensor 745 can indiente that the wser iy strampring t receive & dose of
azrosol, but if the wer stops inhaling for & predetermined period of time, the
imsromens will st off the beates 710 and maintain the vatocs i the definh
condition. T, if vithin G pretetrrmined time period (he controfler 750 stops
ecriving digmts from (e pressure seosor 745 (ot inficr 8 wser i inbaling an
e cocthpicce 770, the Der 750 groertion of te volarilized
mxzerial by he hestrr 710. For exxmple, the thme pesiod cxo be § scounds. If,
whthtin the geleetzd tine period, the controfler 750 receives a signal from e
PrestuTe peneoe 745 bdicating Oat i3 bixs bee triggered by » oser ifnling on e
moctipicce 770, te cagtrofier 750 moves the vatves 742 1) 743 © thelr oon-
definh positions a0 G volxtilizd auateriad or acroso] Gows dirongh e fow

rting matrrial capabie of being resistively beated, .
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replaced with agy saitsbie equi such &y amalyts ip
devices, ete.

In the case of an inhales, e instrumens prefarebly inchades a pressuze
sensor 748 ically d o the 750 axd ta fiuid cammmnicstion
with (e mouthpiece 770, Tbe p seasor 745 is activared by a nxer inhating

oo the thp 770. The CZuses & ¢rop in the e
770, which is scrsed by the pressare sensar 743, The pressure sensor 745 ¢xo be
extremely sensitive. For exampis, the pressure gensor 743 can be triggered aia
selected pressare drop and/r threshold vatue of adr flow, for cxample, as low a3
about 3 liters/min, which is about 1/10 of the typical buman inhatntion ate.
Accardingly, te prezsure sensor 743 cas be triggered by a user without wasting
approchbls long valume,

Valves 742 and 743 preferably operxde in ths following mamer. When
valve 742 s io its defmit pasiticn, the arrasn) can flow alang a first fow path,
Namely, Gow passage 750a carries perosol fram the heater 710 to the valve 742,
and the fiow passage 760b carries acvosol fram valve 742 to the pump 744. The
atrosol s ltered by the filter provided in the pump 744 and exhansted to the
cavirozmest, When valve 742 is in its ¢t position, the finw passage 760c bs
empty (i.¢., thero b 0o acrosol moving through it). Accordingly, no acresal Gow
is pexmitted (o the mouthplece 770.

When valve 742 b tn ity defanlt position, valve-743 is abio In ity defimi
position. When valve 743 ks in its defanh position, fiow passage 7604 directs
ambient alr Gzrough valve 743 o mouthgpiece 770,

I prefermed embodi the aeroo] genersted by the bhestes 710 is
exhunsied to the pump 744, and aerosnd flow bs rot spplisd o the mouthpiece
770, until the beater 710 reaches & conforming condition. For example, 3
monitored condition of the beater 710 can be resistance, and the coaforming
condition can be when the measured resistance reaches a steady state condition,

-25-

pessage 760c and to the moctpdece. FIG. 8 fiustrates an exemplary embodimen
of » timing diagrem for the opertion of the instroment 200 for & seected time

period of 3 secands, indicatin ru tipe, § i ction (by the
presware acasar 745), acresol geacration tnd valve actmtion cycles.
In otber cmb of the in 700, the mouthpicce 770, g

sensor 745 and flow passage 7604 can be amined. The valve 743 can opticnally

be inchuded, if dexired. An optional Sow passage (not shown) can be provided in

place of the mouthpdece. ko sch b of valve 742 by e

controlier 750 can direct the valatitized matexis) or acrosod via the fiow passage

T760c to a detectoy for amatysis. The volmilized materisl or 227080} can

attematively be uzed fir ober purposes, for exzmple, epplying coatings, making
wd ical with ether .

The 750 is opx o contro] operstion of the hexter 710 xnd
delivery of Liquid from the Liquid soaree 733 to the flow chanoed 723 via operstica
of the pamp 735. As exphained above, e controlier 750 receives sigmts from
the pressure seasar 745, and operaies valves 742 and 743 and pomp 744 to commral
the flow of acrosol fram the hexzes 710 o the monthpiece 770, The coxtroller 750
directs e storege of x wih ting the volailized Houid
in a mepary 751. The memory 751 can recard snch parameters with respect to
operxtion of the volatilized Liqnid generstor, which may be desired when

cting expert ar pxmisoring quatity of the pr vapor and) the
scrosol. The 750 210 op 2 switching eirot 740 for applying
power o the heater 710, Al assocized whh the coutrolle 750 & & display 752
0 as3in 8 USEY in visally mort the generzoar while bn op md alo
for dispiayteg cer ertrings and (e conenss of Ge temary 751,

The power sxpply for guplying a voitinge in this cxtbodiment inctndes the
power souree 729 and two tamimis 727 aod 7270, The power souree 729 cxn
be s direct cyrem (DC) battery or a direat cuyTent power sapply.  The spplicming

po
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of voltxge to 7101 4, by e ey 750, Grough marmal
inputy or opersting program, Giroogh a switch 740, In this embodiment, the
switch 740 13 & fixid effect transistor, which atlows rapid switching throogh cydles
lexs thas 10 millisecends, preferebly kess than 1 millisecond.

The controller 750 seceives input relating to the temperature of the flow
pasage T23, trongh o measuring device 741, The temperstare of e lquid in
the flow passage 723 s based on the d ar cak it
of (e hexting ciemen, In & preferved embodiment, the henter 710 & & met2l tde,
Tee Tler 750 regulstes de tormp of the flow passage 723 by
mooimring the resistxnee of the beater,

A descrided above, resistance control en be based on the principle that
the resistance of the beater 710 £9 i1s o As power
s applied, via switch 740, to the heater 710, its temperxtare increases becanse of
resistive beating, and the actmal resistance of the heater 710 also incresses. When
the power ts torued off, the temperxtore of the heatey 710 decreases and

espondingly s rest Tens, by monitoring & of e
bestes (e.g-, valtage across the heatey Using known correst to calculats resistance)
i controlling epplicstion of powes, the caxtraller 750 can maintain the hexter
TI0 at a tempesamre that corresponds o a specified resistance target. The use of
one or mare fesistive etements could alo be used ty momitar tempersture of G
heatrd Liquid in entbodi where a resk heater s not wed o heat the
liquid in the Bow pasmage.

The resistance targes is selected to correspand to a tempersture that is
sufficient to induce a beat transfer to the liquid material soch that liquid is
volxtilized and expands tyough outlet 725. The controller 750 effects elnsing of
the switch 740, which activates deating, therclry spplying for a durstion of time,
energy to the heater 710 and after and/or during such duration, determines the reat
time resistance of the heaser using inpot from the measaring device 741, Ina
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©10.010 obuns, Thms, enerxy in joules is given by equation (7) descrided above.
The current throngh the sysem can be cadculzed fram the voltege drop
across the shon resistor and it known resistance by equation (8) described above.
The energy per dwration value cxn be for i
with a calibration factor, ECF. The duration energy is added to the previcas
€nergy value siored in the memaory 751 80 that the instroment keeps track of the
conmistive energy sezz o e beater 710, Likewise, fixr the resistance valus of the
heater, equation (10) descrided shove is osed. The cesistance value is then
carrectzd by a calibration factoe, RCP. ’
Cantrol of resistance by (e controlier 750 afiers srveral advantages for

controlling the beater. First, when the beater 710 is imitially started, the controDey .

750 can send energy contimously to the hester 710 umtil it resaches its aperating
resistance trget or 8 Jower valoe to prevent initia) overbesting of e beater aftey

which the hexter can be keated to the desired Ths
peovides the fent gtant up of the heatzr.

Seomd, the controller 750 can sutomatically adjost the energy being sem
0 the bextzy to mateh the requi fior mainmaining the resi: arget
withoot regand o the detivery rate of the liquid oaterial, at least to (e cpper Lmit
of the power sotree 729, As long & the rest torges and corresponding

wmperxtuse i s within the enxterial Limits of (he bexter 710, the beater 710 can
be protereed from overbeating due to 8 failre i the fivid mipply systcn. Ao
xample of » besting cycle is depicted o FIO. 6 deseribed sbove. This also
PTOteCEs against overbeating dut t the power supply voltage being &2 too bigh.
1 eddition, dis system was foand o respons oxxch ey o an actal
temperature coctrol system bosed on thenpooouple mexsmrements.

1f the rasored resistance of the bexter 710 minns the prodetsrmined
adjustners vake b greatry dhan the trget resistumo: @ the end of § peiie dormlon,
e cxmtrofier 750 torms e switch 740 off, Geredby whthheiding ecaogy from e
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preferred embodi the rest of the heater fs calcalated by ing the
voltage scyoss a shont rexister (oot shown) in sevies with e beatzy 710 (o
theredy determine crent flowing to the hexter), and mexsuring the voltege drop
2cT033 the heater (to thereby based an the voltage
and carrent flowing through the shums resisr). To obtain contimons
mrasgrement, 8 smalt amount of carrent can be cominuzily passed through the
stnt eesistor and heater to mmake the resistance calcalation, and paises of higher
cuarrent can be uszd t effect heating of the beater t the desired teopenatare.

1f desired, the heater resistance can be derived from a measurement of
current passing through (e hextey, 07 other techniques cxn be gsed o obtsin the
same informerion, The controfler 750 then makes decisians &3 to whether or oot
to send en additional dnraticn of energy based on e difference between a desired
resistance targes for the hester 710 and (he ectoal resistance as determined by the
controller 750.

1n & developmental moded, the duration of power supplied 1o the heater was
set a2 1 millisecond. If the manitored resistance of the beater 710 minns 20
adjustrent vatos ts texs than the rexistnce target, the controller 750 is
programmmed t supply another dursticn of corrgy by leaving the swich 740 in the
cinsed (“ca”) position. The adjustment value akrs into sccount factors, such as
beat losy of Gt beater when not activaed, the avor of the measing device, and
eyelic period of the controliey and switching devive, smong other posyibilities. In
effec, becanss the resistmce of the hextey 710 varies a3 3 fanction of i
temperxiare, resistance control can be nsed to achieve cemperstar conrol.

The ler 750 can be [ ine the resk of e
heater 710 by processing data represexzative of the valtage drop across a shum
rexistor and voltage drop across the hexzr. The power being sent to the beater,
the cxmiative energy semt, a0d the real time resistnce of the beater are extoulated
by exquations (5) and (6) descrided sbove. The slmnt resistar cen bave s resistance
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heates 710, After another pred: dnration, the mms the switch
740 on end repeaty the frocess.  For example, the second predetermined duration
can be set ot 8 milliseconds (e.8., 2 milliseconds an and 6 millisesonds off or 4
milliseconds on and 4 milliseconds off, exz.) from the previons occxsion when the
switch 740 was toroed e

I destred, the instrument ean be provided with mohiple vapor generators.
For example, two or mare Sow passages with heaters &3 described above could be
wrranged to defiver vaportzed liguid to a conduit tirough which air ar other
medium iy passed. Amilytical devices could be located along endior downstream
of the conduit to meaure varions characteristics of (e vaparized Bquid, e.g..
devices to messure acyosol size and/or pariicle size distridation, dotermine effects

of iea) i of the vap liqid, ere. The vapor geoerators can be
sranged o defiver the vap figuid a3 o1 pan-£ ing gas
strexms.  For exxuple, the flow canbe o direct the i

fluid txro the conduit &y sdjacens parafiel gas sreams, redially directed,
circumfcrentially spaced gpart g3 strexms o3 radially directzd, axially spaced
#part g streams, ese.  The paralied groerans arrangemncs facilitates forming a
i aerosol ar vapor formed by mixing together two or more
arrangement is paniontarty wacfn) where it s desired to farm an ecrosol

ising (W0 T more faly, which do oot miz well in Equid foem.

The tostrument can be ased o stady various aspecss of aerosol geoeration,
which vary &3 finctiom of parxmeten of the acroan) geoeraor and the bigaid
materia) soppbicd ¢ the acrosol gencrror. For example, fir scvosobs intended for
bornan inhatarion, n serosol cxn be prodeced with a sy median partice
dixmeter of pastickes of O acrosol less thas 2 microm, preferady between 0.2
2nd 2 microns, and mxre prefenably berwesn QU8 and | gxiron.

b bas bexn observed tha Liguid axatrriats, soch 13 propysane ghyeot e
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Mmummmmmmmmm
temperatares in destrabls ranges. Wiile not withing @ be bound by Greary, it is
bedieved that the extremedy emall mass moding particle diameters of the aerosol aro
schieved, af least i part, 13 8 vesult of the rapid cooling and condensation of the
volnritized materisl that exits @i hested 0w passege. Manipulation of paremeters
of the velxtilized liquid generator, such a3 the internal dizmeter of the flow
m,mmmdmmmmmm
heating capacity of the beater, and/or the rate ot which material in liquid form is
sapplicd to G fow Fassage, can bo performed 1 effct eerusol trsaperatars and
mass medim particle diametes. Tbe instroment cro be used to investigaze scrosod
{armmtion using progytene glycol and glycerol a ligoid carriers for drogs such s
bodesonide, The instranen can also be tsed to investigate acrasol formation
ame\for vaparizod Guld properties of tiquid sach 2 Jet foel, pesticides,
erbickics, paint md other types of materials,

Tt will be appreciated thas the hstrament may be fairly large, such &3 &
table-cop monted dem, but the principl of e b may be imp d
in other forms, sach a3 & mimiatrized device. The ability of the generatar to be
mintasrized is, In lrge part, due to the highly efficient heat transfrr between the
heater and e Gow passage, Which facilitxtes battery operstion of o volatilized
tiquid geneyamoy with low power roquirements.

The can be top daa y tnit desigoed © inclode
rogranmabls operation of an servsal generstor, whereln quid is vaporized by &
beater xrrangement. The tostrument can be modulay in comstruction $0 that the
various components cap be exchanged. Aerosol mass meding particls diametey
can be measured osing ¢ cascade kmpactor in sccordance with the methods
MMEMWUMUS.P.WMNAMM
MGmﬂmpﬂlmM(ml)mUMdenhm,
Enarmacopeisl Forum., Vol 20, No. 3, pp. 7477 &. seg. (May-Junc 1954), ad
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that cxn be used with a prefe dimen of the bevol. This
lowey limit iy cet by the mintram volage required to operate the FET.

The instrament is preferably wired sch that the power supply providing
the powes to e heater also provides the swiching volage far te FET. The
resistance of the bexter at steady state cxn be asymead to be nearly canstam a1 the
resistance target. Thms, changing (be veitzge can make 8 birge difference in the
energy sent in each putse. The effrcts of voltage sppetr mainly in the steady state
operxtion of the heatey. [f the voltags is too towr, the heatey oy bave bouble
reaching the resistance targes and the acroso! quality cxn be degraded. If the
seting for the voltage s t0o0 bigh in the case where the algorittun uses so 8
millisecond cyels © cogtrol te heates, if too mch eoergy is sext in a single pulse
the heatey may exceed the resistance target by mare than 0.002 okms. Io such
case, it may take severad cycies for the beatex to come back on, but by this tme
the heater may have cooled Eibsanrially becamss of the foid fiow pansing tirongh
it. Accardingly, the voltage sciting € be optiized foe 8 particular flow rate and
particnlar liquid material,

The power required by the heates t prodnce an scrosol is direcOy
propartional to the Guid flow rate passizg hevethrough. If Ge Gow rxte is wery
tow, e.g., b3 i 0,1 mi/min, the beater may act a3 f the voitage is too high
On the other kxnd, if the fow rxte is too kigh, the bexter mzy act 33 if e volnge
is 0 low, Rajsing the volrege may be required m compensxie for high flow
rates, The length of the timing (futy) cycte is preferably 5o soch i the hextey
wrill tarn back on befire it coots significamly. Expestmeors with 2 32 prage
kmintess geed tube a3 e hextey @ a flow rate of 0.3 miioin indicxse that timing
cycies between 4 and 10 milliseconds hove Lnmle effeat oo the acrosol. However,
the timing cycle cxn be chnged t compenszie fw bebaviar of Ge bexter end/or
propertics of the ayesol. The goal of eesistance control is o keep G operating
resistmre of the beser very close t0 the resistance Grpet. AS &0 CXXTpie, the
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mass can be

& y 8 fromm the fm

The basic resk comrol used by G b can be
sdapted for varics spplications. Por exxmpls, the liquid can be supplied by &
syringe puzp and the spparatus can be progyrammed o generste & soroso) fov
vary long run times. For example, in toxicotogical stadics i may be desired to
genernte an ecrosol for scveral hours. In such case, it may be desinble to ran
four heaters simultaneonsly for an extended period of thoe, such a3 4 bhoors. In
conmrast, if te lnstrument &s used to mimic the operation of kand-beld inkater, the
rup tipes would be more oo the arder of 10 t 1S sccands.  During extended uns,
the cperator of the instrument can be kept tnformed of the operation of the

t by cutputting data to be periodically, such as every 10
seconds.

The optimal resistance target far & heater cxn be determined experimentlly
using & 4 cperxting [z As the rest target eatered in te

instnoroent control program is lowered from its optinal valne, the serosol quality
s00n decreases. In particular, more liquid will be ejected from the heater a3 lage
droplets and exsess finid will drip from the end of the hexter. As the resisance
target i3 increased over i optimal vatns, aerosol quality will aiso degrade
evenmally. Far instance, the generator will nse mare energy needed to produce
the g0zl and, st highes resistance txrget valnes, xignificant thermal degradation
of the aryoso) finid may occar. In an exreme limit, the beater mxy begha to glow
red and eould become damaged.

The voltuge chosen ¢ drive the heatey determines the amount of epergy
hat will be sext 1o the hester in each palse. For 1 millisecond pulses, the energy
per pulse in joules is given by the equation: energy = VIUR, where V i the
voltage aczoss the bester, R s the Beger resistance, ond ¢ is | millisecond, The
voltage across the heater is directly related to the voitage of the power npply, but
by stightly lower becanse of losses in te wiring. In general, tie lowest volage
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voltage can be set such that the resistance increase for a single pulss of epergy b
reixtively small For exampie, the controlier can be programmed to monttor the
resistance of the heater and epsure ¢tz the resistnce txrpet is oot exceeded by
more taan 0.002 ohms when G algorithm s the heates off. Thos, 8 0.002
ohm decrement can be used to wigger sapply of power to the beater. In principle,
e cxn be deaigned t effect operxtion of the beater with e desired
change in the resistance txrges other than Ge 0.002 ot decrement desaribed
above.

While the & fon has been with o the foregotn
embodimexts, & will be spparext tha varions chinges can be made to te
instrement and/or method of nse thereof. While the instrumens has been deseribed

s asefol for ing serosols for ion or othey uses such as toxicology
stdies, Ge Dstrumen conMd be wsed for pposes soch 13 applying
coztings such as opticat coxtings to & roaking p soch g xk

powden, delivering vaporized thel to devices such o3 8 microcombosyr,
dedivering mabiple feedy of votuilized Orids for chemical interaction thereof or
other parpase, s the ke,
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What s Clamed is:
1. Ast for progremmabie groeration of volatilized materinl,

o8 least one flow passago baving o first open end;

a Liquid supply operable to supply liquid mxterial to the flow passage;

1 least ane beater errangement adtaptad to hest the flow passage to 8
temperatare sufficient to voluilize material in liquid form i the fow parsage such
that the volatilioed materiz] expands ot of the open end of the flow passage;

» cotroller operabie to control operation of the heater and controd
operution of the tiquid szpply;

2 monitoring arrxgement opesabie to supply heater performmce data to
the controller, the dats befng used by the controller to supply power to the beater
wTgement a1 to ant off power t the hester arangement to majntain the heater

2 8 destred temp nnge; snd :

& meary operable to store p ixted with (e i

2. The instrumen according to Claim §, wherein the monitoring
arTangement inchades & switching device which conzrals apply of power to te
bextrr srrangemena

3. The instrument accarding to Clain 2, wherein the heater

20  wrangement inchudey ut least one resk heatrr optis ising & secton

[H

of & metal tube defining the fow passage.

4. The hnstrumen according o Qaim 3, wherein the flow passage
enmprises a capillary sized passage such as ths interior of a capiliary tmbe.

WO 0I011343 PCT/USOR/1I934

3.
2 microns,

12.  The instramens acconting to Claim 11, wherein the serosol has s
1oxss medisn particle dizmeter of between 0.2 and 2 microns.

13.  Tho instrument according to Claim 11, wherein solid particies are
suspended b solmtion in the liqeid material, Ge sokid particies deing forced out of
tho open ead of ¢e flow passage & the volstilized oxaterial expands sach tad the
acrosol incindes ennderwed particies of te tiquid materia) and the sofid particles.

14.  The iostroment according o Claim 1, wherein the Oow pasmage b
defined by an intrmat dixmetry of & stainless stoed tube, the beater sarraagement
copprise & pair of electrical keady attached to axially spaced gpast boeations on the
whe, 8 DC power supply is edectrically compreted to the pair of keads, xd 8
switching armangemen s eperable b interrupt fiow of DC carrent from the power
sapply © e twbe, the contrafier eing operably commected © the swiching
wrangement to effert sapply of palsed power o the tobe when ligeid auterial is
supplicd to ke e,

15.  The tostroment eccanding to Claim 1, wherein the flow passage i
@cfined by & passage in s coramic laminate, the hestex srrangement comprises &
resianre hexter located along the Bow passage, 8 DC power supply s electrically
cannectd via & paiz of teady to e beawry, a0 8 switching wrangement is
operatle o interrupe Oow of DC anrent fram the power supply t e heter, Ge
cumzrolies being operably comexesd to G switching t effect ety of pooes ©
the hester when Fiquid cairial b sapplied to Qe beater.

16. Tix inxremen secarding to Claim 1, wherel Gn 21 ka3 ode flow
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5. The lstument acconing o Claim 3, wherein the mositring
oupaty day fve.of s o istance of

the resistance beater and e controfler calculates moupttored resistamce of the
cantroller opesates the switching device o aupply palses of power to the rexistance

beater at Least when the memitored resistance alls below 8 target resismnce.

6. The instromen according to Claim 1, wherein e of Iast one
beatrr arrangement comprises a phintity of resistance hearers.

7. mmmmwg.mmww
inciodes & valve arrngement operable o sepply te Liquid for s predrtermined
pexiod of time, the predrtermined perind of tims being determined by inpat of an
t 3 tothe

8 ‘The instroment sccording to Claim 7, wherein Ge eaxtroller
> the valve prior to opersting the bextrr mrrangement to beas
the lkjuid material supplied by the Bquid supply.

9.  Ths bnstroment acconing to Clatn 3, fsrthey conguising & display
plying srttings of the

10.  The instrumem according to Claim 1, further comprising a
measring device which mapitors the amount of Liguid material supplied to ths
fow passage.

11.  The instrumem according to Claim 1, wheren the beater
arrangernent forms an acrosol baving a mass mediam particls diameter of less than

WO 03012568 PCTIUSO229998
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mmﬁnmlkydhmnﬂtbuhsmhm
amagemens comprises a plursdity of begter srrangements, each of (e flow
mmwm«:ammmmum
arrangements being selectively cperable by the costroller, exch of the fow
Mmmwmmumwmmmdm
fow passages being directed ints o marifold srrangement.

17. Amethodof ting the dicg to Cixim 1,
comgprising the sieps of:
ing & target par to & temmp sufficient to

wolatilire a Fiquid mateyis) within e fiow passage;
supplying the liquid material to Ge fow passage;

iring the bexter
p ining & P of & rest besting
clemem of (e beater Myanganens;
ring the i P to the targed parxmeter; ad
supplying poorer 10 the rest hexting cbernem whrn the oouitored
parametes Is lesy than (e target prameter.

18.  The method according t Chaim 17, wherein the step of periodically
the moat - enezpy suring volge drop scroo &
ghum resistor, st meararing voltxge drop scross (he resistance hering element

19.  The merhod acconting to Chim 17, wherein the resistance beming
elomen s spplied powey in palses baving 8 ¢ry cycie of 1 to 100 milliwoonds.

20. The method sccording o Chatm 17, wherein the trget parareeey b
g md the gociored p s monitored rect
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21, The method according to Claim £7, wherein the controller is
aperable 0 cortrod & dunation of sapply of G liguid materis! © the flow passage.

70 The method according to Clabm 17, wherein the flow passage by
mwmwmmmmﬂmmmm
m-mawmmm-ﬂ-ﬂymmmmu
mbe.nDwaumwlyh:hr‘nﬂyMwhwﬁo{m.wu

: g s openhic o pt fow of DC current fram the power
mwmmmmmmuwmmmmm
powey to the tube when liquid material iy supplled © the mbe.

23,  The tmethod according to Claim 17, wherein the flow passage b
defined by a passage in @ ceramic hainate, the bester arrangement comprises 8
resistaes heater Incated along the Sow passage, a DC power supply s elecurically
connected via 8 s of leads to the beater, and & switching sramgement is
wmmmummmmmmmmm.u

Der operates the switching arrangy to supply power to the heater when
Iiquid material s supplied to the boater.

24, The method according to Claim 17, wherein the a1 teast ooe Gow
mmnmﬂydm-pmpumuhnmmm
amangement comprises a plusatity of bexier arngements, each of the fow
mmw-m.udmmmmmm

g being selectively operabic by te fier, each of the Sow
memmummmﬂumam
fiow passages being directed into & manifold armangement.

25.  An instmument for generstion of volatilized maerial, comprising:

WO ax012%3 PCTUSO2IYE
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comnmicrtion with the secood Bow path; end

» pressare sensor in finid iestion with e kpl

wherein the pressure semsor outputy at feast one sigml to the controfler
whep a user inhales 0o the outlet of the mouthpdece.

29. The instroment scconding to Claim 28, wherein the controller b
operthle to control operstiod of the first vaive such thee the volatilized material or
acrosol fiows Grough the second fow path and into e moutipiece when the
pressare seasor detecss 8 Qreshald pressure drop in the moutipiece.

30,  The instrument aexording o Claim 29, wherein the controller is
operablc to control operzticn of Ge first valve such thes (o volstilized material or
seroso] fiows throngh the second flow path and into the mouthpicoe for 8 selected
pexiod of time.

3).  The insvment accarding o Claim 29, wherein (he coatroller is
fogr o teyminate fs oo of votatilized material by the beatry when the
comtrodler does oot receive 8 signa! fram (e pressoze sensor indicating that e
threshold presmre drop has been deterted aftey & predetermined time inrrval,

3 The bammem accarding to Cain 29, whertin (e amtraller by
operable to comtizne formarion of volwrilied caterial by te bewrr H, within a
prodesermined time interval, the cotreller receives 8 sigml from the prexsure
sezor indicating O the threshold pressare drep has beed detreted.

8. Toe texten sccording to Claim 28, ey armprising » seoomd
vatve ko finid dration with the irce, e fiey being o
coatrol opertion of G second valve t diren fow of aly ko e moctplece.
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8 least ooe flow passage having an catlet;

a liquid szpply operabls t supply liquid materia) to the flow passages

&t least aoe hexter adapted to hest the flow passage to 8 temperamre
sufficier to volutitize matertal in Giquid firm in e Aow pessege soch tiat the
volatilized material expands out of the curlet of the flow passage, e volatflized

arerial opti being with air to form an eerossl;

» firt flow psth in fuid comnmndestion with the outlet of the flow
passage;

a second flow parh in finid cammmuntcation with the cuties of the flow
mmmmmmmmmmmm

_a first vaivo in fivid commmnication with Ge outlet of e flow passage;

and

a perable to cotrol operation of the fira valve such that the
volatilized marerist or serwsol (T) flows through (e first flow path when the bester
is in & noo-conforming conditinn xod () fows through te second Gow puth when
the heater is in a confirming condition.

26, Tho instroment socording to Claim 25, furthey compriting a pomp
in finid communicnion with tho firss Sow path, G vobailized materia) or acroso!
being directed to the pamp by the first vatve when the hexter s in » 0o~
conforming condition,

27.  The instrament according to Claim 26, wherein the pamp comprises
a filter which fiters the votatilized material or sevosol and the pump exhmnsty
filtered atr t the eaviroament.

28.  The instrument ecconfing to Clatm 25, further comprising:
s moumtpicce having an outlet, the moutkpiece being in fuid

WO (0012863 PCTUSO22I9%4
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M. Thet ding to Claim 25,
[ ] d tp contro] operation of the beatrs aod the
Tiquid supply: sod
the Instrumexs further comprises:

[} P © sapply beater performance
dsm t the controller, the du being osed by e controller to supply powes to the
hester o7 t € off power t the heater to maintain the beater 2t & desired
temperxmre rnge; and

2 memory operuble o stare Satrd with the

instromens.

35.  The Instrament acoording t Clatm 25, wherein the heater s &t least
oue resistance beatey,

36, Thc instrument according to Claim 35, wherein the conforming
conditiom of the heater is & steady stie resistance vatoe,

37.  The instrumenm according to Chaim 25, wherein the coxfoaning
coadition of the heater ts 8 selocted trmperetze range of e Sow passage.

33 The hrsrumen eccording to Chxim 23, wheredn (he instrment
fnctndes an aly sopply arrenged such that the votmilized materiad b admired with
i to form e perosol.

3. A method of operxting e & crding to Chaim 25,
enprising:

expplytag Goid material o the flow passage

beating he Lignid material in e flow paxsage with the bextzy such thn the
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volxtilized msteria} expands out of tho cutiet of the Qow gssage;

optically admising the volatilized materisl with alr t form &n serosol;

mocitoring e beater; and

contrafling cperstion of the first valve such thas the volazilized material or
aerosol () Bows Girough the first Sow path when the beater i o a pan
canforming condition and () fiows through (he second fow path when the beater
s tn tho conforming condition.

40. The method according to Claim 39, wherein the conforpting
condition of tho heater is a steady ginte resistance valee,

41.  The method according to Claim 39, wherein the conforming
comditian of the bexter i o stiected tomperatre range of the flow pasnage.

€1 The method accunding to Claim 39, frtber comprising Sltering the
valatilized materit] ay sevos0] that flows through the first flow path and exhansting
afy to e envirooment.

43, The method according to Claim 39, whereln de fnstrumen further
comprises:

s mouthpices in fuid with the second Bow path; snd

& pressure seosor in Bnid i with ths P

the method further corprises detecting a pressure drop in the mouthpieco
mummwhE|mhwsmmnm

64. The meshod sccording to Claim 43, forther comprising controlling
operation of the first vadve ting the ecntroller such tht the volatilized material
flows throagh the second 80w path and to the mouthpiece when the prexpre
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sensor detrct & <rop in the

45,  The method according to Clatm 43, further eomprising enntrolling
operasion of the firs: valve using the controller soch that the voterilized maerial or
acTos0] flows through the second Sow path and intp the mouthpiece for & selected
period of time,

45.  The method according to Chaim 44, further comprising terminating
formation of volxilized material by te heater i, after o predeteymined tmo
interval, the comrolicr does oot reccive a gignal from the pressare sensor
ndicating tat the tireshold pressure drop has been detected.

47.  The method sccording to Claim 44, fixrther comprising contiruing
formation of volatilized materfal by the heates i, within & predetermined time
futerval, the controfler receives a signal fram the pressure seusor indicating that
(o dhreshold pressare drop kas been detected.

43 Tbe instrmaez according o Qlaka 39, further comprising pdmixing
the volatilized material with air to form the acrosol.

%

lonweo ov o



WO 01234

.95

.. Heater Temperature °C)
-8 8EEBBE S

B

WO 1R12565

o 075 080 085 080
Heater Resistance (ohms)

FIG. 5

7Y

FIG.7

W0 03012563 o PCT/USOLINNG
07855 pra—
& o - Aoy
_ 078501 Q%S
. o
-S 0.7845 1 °
~ - .
'8 07840 1 2 &
g 0.7835 { '
p or Q003 chra Decownezt 8
0.7'50,'. 0003 i Dzt @
07825 v
6065 6070 6078 6080
"~ “Time (msec)
FIG. 6
WO 012565 PCT/USI22Y94
“«
RN TME T . 1
p—— - ‘—'{ : P
AEROSOL, "
FIG. 8



: CRSDIAD
WaQ ¢+ Tem e oy
pre =3 D¢
B YOoDS SRARCHID N
Mty P —
U3, : TN, 269, 231; IVIOO
swctal iy \octutied i O 230 smrched

arch e )
1]
[ 'DOCUMENTS CONSINRAD TO BX RIEVANT
* Caxien of Wi erfiewten, whers s, of &8 reioac Retorars ® chim Mo,
¥ = 5 167 G0 @ i) 2 iy 301 (10000, W s, [ eenpa |
¥ U302 A GOVEL @ ) 70 A 199 2200 2903, Wice o 6o na
A A 35,0029 & £O0TE 1 Drcrmber 1993 012.12.929, Wacke acaen. -
A _| osammacarnic o am 1 gnon.ren, Wick dcomma. ra
0 wmne []  sopeomtndam
— o eyt G iy
b o et stven
-
h 4
-« i o demm— b .
paciing - *lh-*’—._b
b4

BN R
10 neme Gt Hannod

Telephoas M. (100 XL




	2010-06-07 Foreign Reference

